Bluetooth is used to transfer ECG data into the PC. The arrhythmia conditions were given from the ECG simulator to the developed device. The output was tapped from the developed ECG board and displayed on the CRO. The device has been tested for more than 20 arrhythmia conditions and it was able to display all the conditions on the CRO.
System Specification
Sampling frequency 250Hz ADC resolution 12 bit Gain 100 Cutoff frequency 0.5Hz -40Hz Operating voltage 3.3V
II. DESIGN AND IMPLEMENTATION
The system design consists two parts, hardware and software design. The hardware design consists of AD8232 analog front end, microcontroller, Bluetooth module and power section. The hardware design block diagram is shown in the fig. 1 . The software design includes programing microcontroller for GPIO (General Purposes Input and Output) configuration and ADC (analog to digital conversion) conversion. Serial port UART communication is used for communication between microcontroller and Bluetooth module HC-05.
A. Hardware Design
The hardware design include ECG analog front end and microcontroller. The ECG analog front end consists of AD8232 IC, it is fully integrated with instrumentation amplifier, operational amplifier and the right leg drive amplifier. The AD8232 extracts, amplify and filter the small biopotential signal which is taken in the noisy conditions like motion artifacts and improper placement of electrodes. AD8232 is implemented with two pole high pass and low pass filter to remove motion artifacts and additional noise respectively. The cut off frequency is between 0.5Hz and 40Hz. In addition, it has the fast restore circuit and lead off detection. Bipolar lead II was chosen by electrodes connected to the right arm and left leg. Right leg is taken as the reference electrode. This is the most useful lead for detecting cardiac arrhythmias as it lies close to the cardiac axis (the overall direction of electrical movement). The ECG analog front end will extract the ECG signal from subject, amplify it and finally gives the filtered analog signal. The analog signal obtained has to be converted to digital signal so that the wireless transmission of data can be done through Bluetooth module for arrhythmia detection. The analog signal is converted to digital with a sampling rate of 250Hz by SAMD21 microcontroller which has 12 bit ADC resolution. Serial port UART communication is used for communication between microcontroller and Bluetooth module HC-05. The converted signal is transmitted through Bluetooth module and then displayed on PC for arrhythmia detection. The device consist of an audio jack connecting one end of leads and the other end it connected to the ECG simulator in lead II position (right arm, left leg and right leg). The ECG device is powered either by micro USB or by lithium batteries. 5V and 3.7V is received from micro USB and battery respectively. The whole device is powered by a single supply of 3.3V, so voltage regulator is used to convert the incoming voltage to 3.3V.
B. Software Design
The software design includes programming microcontroller using Embedded C language in Atmel studio 7 for GPIO configuration and ADC conversion. The AD8232 has the shutdown low pin for shutdown control input and hence programming was done for GPIO pin of microcontroller to make the shutdown pin high so that ECG can be recorded on CRO display. The microcontroller is programmed for ADC conversion and the converted data is transferred to PC through Bluetooth, the flowchart for this is shown in fig 2. First the baudrate is set then the transmitter (TX) and the receiver (RX) pins are configure for UART communication. Initialization of analog pin is done for signal ended conversion by configuring positive pin as analog pin of microcontroller and the negative pin as ground. The ADC is enabled and it starts converting the data at desired sampling frequency. HC-05 is the Bluetooth (BT) module used and it has a range of 9 meters.
III.
RESULTS AND DISCUSSION Designed real time ECG device is shown in fig. 3 is of dimension 35×35mm on length and width respectively. The ECG electrodes were connected to the ECG simulator in lead II position (right arm, left leg and right leg). Analog data from AD8232 is converted to digital by SAMD21 microcontroller. The converted signal is transmitted through Bluetooth module and then displayed on PC.
Fig 3: Real time ECG device
The data collected in PC is plotted using MATLAB. Each data was collected for around 10sec and the fig. 4(a) shows the 3sec data of normal ECG which was given from the ECG simulator and it is displayed on the CRO. Fig. 4(b) shows the 10sec data plotted using MATLAB in which all P, Q, R, S, & T wave is distinguishable. fig. 6 (a)-9(a) shows four different arrhythmia conditions which were given through ECG simulator and screenshot of CRO display were taken. The fig. 6 (b)-9(b) shows the image of arrhythmia conditions plotted in MATLAB. Other than these four arrhythmia conditions it is tested on more than 20 arrhythmia and the output was plotted on the CRO. The results from CRO display and MATLAB is compared and found to be same. 
IV.
CONCLUSION AND FUTURE WORK Four different type of arrhythmia is identified by using the real time ECG device. The AD8232 is used for ECG extraction, the extracted analog signal is converted to digital by SAMD21 microcontroller. The digital data is transmitted to PC by HC-05 Bluetooth module, and plotted using MATLAB. The main purpose of developing this device is to acquire ECG signal and to find out arrhythmia condition using single lead position. The results from CRO display and MATLAB is compared and found to be same. The ECG device is tested for 20 different arrhythmia conditions by using ECG simulator and results obtained is found to be same. Further this device can be made as wearable by adding the button electrode in the PCB design. It can be improved for real time arrhythmia detection and power consumption can be reduced by adding shutdown mode when device is not in use.
